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Abstract

Background: There is a rise in the incidence of adrenal incidentaloma 
(AI) cases owing to routine cross-sectional imaging; however, the ac-
tual practice of handling patients with AI often differs from the current 
international guidelines that are evidence-based. The aim of the study 
was to describe the clinicoradiological presentation and biochemical 
profile of patients with AI at a tertiary health institution in Saudi Arabia.

Methods: This retrospective cohort study involved 418 adults who 
had an AI of at least 1 cm in diameter for a period of 8 years. Analy-
sis was performed regarding their clinical presentations, radiology 
images, hormonal assessment, and management using SPSS version 
27.0. Chi-square and associated P-value were used to analyze demo-
graphics by gender.

Results: There was a predominance of females (66.5%) and high 
prevalence of obesity. The majority of tumors were identified inci-
dentally (94.3%), were unilateral (92.9%), ranged between 1 to 2 
cm (62.2%) in size, and exhibited a constant morphological pattern 
with an average follow-up period of 2.19 ± 1.56 years. On the other 
hand, 89.5% of baseline computed tomography studies lacked a spe-
cific protocol for the adrenal gland. Biochemically, 38.1% of patients 
did not pass the 1-mg overnight dexamethasone test ≥ 50 nmol/L, 
thus having a high incidence of mild autonomous cortisol secretion 
(MACS). Other types of hormonal excess were less common. Un-
expectedly, only 9.3% of the total patient population was referred to 
the endocrinology department. Observation was chosen in 91.0% of 
patients, whereas 9.0% had their tumors surgically removed.

Conclusion: While most AIs were smaller and morphologically stat-
ic, there were significant deficiencies in terms of guideline compli-
ance, especially in imaging performed according to guidelines and 
specialist endocrinology referral. Considering that the MACS preva-
lence rate is quite high, it is necessary for all healthcare organizations 
to develop automated, multidisciplinary care pathways.

Keywords: Adrenal incidentaloma; Mild autonomous cortisol secre-
tion; Dexamethasone suppression test; Adrenal protocol CT; Endo-
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Introduction

Adrenal incidentalomas (AIs) are unexpected adrenal tumors 
usually larger than 1 cm that can be found on images taken for 
an imaging study that is not specifically conducted for adrenal 
conditions [1]. Due to the proliferation of cross-sectional im-
aging methods in the last decades, such as computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) scans, there 
has been a tremendous increase in the number of cases where 
AIs are found accidentally [2]. Despite the fact that most of 
these incidental adrenal mass lesions are benign non-function-
ing adrenocortical adenomas, the diagnosis of an AI demands a 
thorough systematic evaluation process [3]. Firstly, the physi-
cian needs to rule out malignancy and autonomous hormonal 
hypersecretion as possible causes of morbidity related to an 
adrenal mass lesion [4]. Malignancies comprise rare but highly 
fatal primary adrenocortical carcinoma, pheochromocytomas, 
and adrenal metastases.

In terms of autonomy, although overt symptoms associ-
ated with endocrine dysfunction are very uncommon among 
these patients, a considerable number of these AIs demonstrate 
a condition known as mild autonomous cortisol secretion 
(MACS) [5]. MACS has recently emerged as a condition that 
cannot be considered solely a benign biochemical abnormality, 
but as a pathophysiological state that contributes significantly 
to the development of serious cardiometabolic complications 
such as obesity, hypertension, dyslipidemia, and type 2 dia-
betes mellitus [6]. One important component of radiological 
examination involves the use of non-enhanced CT scan to as-
certain the density of tissue in terms of Hounsfield Units (HU) 
in order to distinguish between benign and lipid-containing 
adenomas from a malignant and lipid-deficient adrenal mass 
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[7]. In addition, biochemical testing should be undertaken for 
all patients [3].

Nevertheless, contemporary medical literature tends to 
emphasize the fact that there is a notable gap between pro-
tocols supported by scientific evidence and actual medical 
practice. Oftentimes, AIs tend to be deemed insignificant from 
a clinical perspective by physicians who refer the patient for 
further examination. These biases lead to partial imaging pro-
tocols, neglected biochemical tests, and the lack of referrals to 
an endocrinologist, thus putting a selected group of patients at 
risk of developing a cardiometabolic disease without ever be-
ing diagnosed with one.

In light of the above, this paper intends to conduct a com-
prehensive investigation of the clinical, imaging, and bio-
chemical characteristics of patients presenting with AIs at a 
tertiary care facility over an 8-year period of time. The analysis 
aimed to consider follow-up dynamics, diagnostic approaches 
based on protocols, and rates of referrals to an endocrinologist 
to determine whether there are any issues regarding the treat-
ment of AIs.

Materials and Methods

Study design and setting

The study was retrospective cohort design performed at the 
Ministry of National Guard Health Affairs (MNGHA) in Ri-
yadh, Saudi Arabia. The medical records were analyzed over 
8 years for the purpose of evaluating the clinical presentation, 
imaging features, biochemistry, and management results of pa-
tients with an AI.

Participant selection

The inclusion criteria for the participants of the study included 
being aged 18 years or above and having an adrenal lesion 
greater than or equal to 1 cm in maximum size found as an 
incidental finding on cross-sectional imaging studies (CT or 
MRI) that were not specifically ordered to investigate the pres-
ence of adrenal pathology. Exclusion criteria were active ex-
tra-adrenal malignancy, prior adrenal surgical procedure, and 
cross-sectional imaging ordered specifically because of overt 
adrenal hyperfunction. A total of 418 patients were eligible.

Data collection and variables

The data were collected by extraction from the institution’s 
electronic medical records system (BestCare). The variables 
collected were divided into three main categories: (1) Demo-
graphic and clinical data: age, gender, body mass index (BMI) 
defined in terms of obesity categories based on the World 
Health Organization classification, and type of clinical presen-
tation, which led to the imaging (described as incidental, pres-
sure symptom, or hyperfunctionality). (2) Radiological assess-
ment: baseline and follow-up imaging characteristic analysis. 

These variables included modality of imaging (either CT or 
MRI), presence or absence of specific adrenal protocol (unen-
hanced, early, and late enhancement phases), presence or ab-
sence of lesion laterality (unilateral or bilateral), size of tumor 
(≤ 1, ≤ 1 to ≤ 2, ≤ 2.1 to ≤ 3, ≤ 3.1 to ≤ 4, and > 4 cm), and tis-
sue composition (nodule/myelolipoma/lipid-rich adenoma or 
lipid-poor adenoma). Additionally, quantitative measurements 
were taken, including HU (dichotomized as < 10 HU or ≥ 10 
HU) and percentage washout rate (dichotomized as < 60% or 
≥ 60%). Presence or absence of an image-guided biopsy was 
also recorded. (3) Biochemical evaluation: The findings of 
biochemical tests for excessive hormone secretion were docu-
mented. The diagnosis of autonomous cortisol secretion was 
determined by means of 1-mg overnight dexamethasone sup-
pression test (DST), where an absolute level of post-DST se-
rum cortisol of 50 nmol/L (1.8 µg/dL) was taken into account 
to separate those with adequate suppression and autonomous 
secretion (≥ 50 nmol/L). Other biochemical tests were plasma 
adrenocorticotropic hormone (ACTH) concentrations (< 10, 
10–20, > 20 pg/mL), plasma metanephrine concentrations (< 
50, > 50 pg/mL), 24-h urinary metanephrines (< 2, > 2 mg/24 
h), plasma renin-to-aldosterone ratio (< 2, ≥ 2), and DHEAS 
concentration (< 20 vs. > 20 µg/dL).

Clinical management and follow-up

The pathway of each patient was traced to determine the suc-
cess in the clinical management and follow-up of cases. These 
comprised the formal referral of the patient for endocrine evalu-
ation (yes or no) and the mode of management, which either in-
volved a conservative approach such as biochemical/radiologi-
cal observation and medical therapy or a surgical operation in 
the form of adrenalectomy. In cases where follow-up involved 
a longitudinal approach, the period of radiological follow-up 
from the initial imaging to the last one was determined.

Statistical analysis

Data analysis was conducted with the help of the IBM SPSS 
Statistics software package. Continuous variables, namely 
the length of radiological follow-up, were reported as mean 
± standard deviation (SD) and range. Categorical variables 
were shown in numbers and percent values (n, %). The sta-
tistical comparison between two categorical variables (for in-
stance, radiological features in different presentations or treat-
ment strategies) was done with the use of the Chi-square test 
(Fisher’s exact test in case of small cell sizes). In all cases, 
significance was set to less than 0.05 (P < 0.05). To make sure 
the data were clinically and statistically valid, only complete 
results of laboratory and imaging studies were used for the de-
nominator calculations per each parameter. Therefore, percent-
ages of each sub-group were calculated taking into account the 
“Valid N” that denotes the total number of patients with the ap-
propriate and available data for that particular criterion instead 
of the total number of patients equal to 418. The analysis was 
performed using SPSS version 27.0.
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Ethical considerations

The protocol for this study was assessed and officially ap-
proved by the IRB of the King Abdullah International Medi-
cal Research Center (KAIMRC), Riyadh, Saudi Arabia (IRB 
Approval No.: 00000106525; Study Number: NRR25/039/1). 
This research project was given an expedited review on Janu-
ary 23, 2025. The study was conducted in compliance with 
the ethical standards of the responsible institution for human 
subjects and in accordance with the Declaration of Helsinki. 
The researcher team fully abided by the Saudi Law of Ethics of 
Research on Living Creatures and their regulations.

Results

Demographics and baseline characteristics

The total number of participants included in the study was 418. 
The demographic characteristics of the cohort can be seen in 
Table 1. In terms of gender, females were the majority (66.5%, n 
= 278) compared to men (33.5%, n = 140). Age at presentation 
showed that the disease was more common in the older popula-
tion. Those above 60 years old were the most numerous with a 
proportion of 37.0% (n = 74), followed by those who were be-
tween 51 and 60 years old (29.5%, n = 59) and those who were 
between 41 and 50 years old (25.5%, n = 51). The occurrence 
among the younger ones below 40 years old was very rare with a 
percentage of just 8.0% of those whose ages were available. The 
BMI values were obtained for 195 patients, and 53.3% (n = 223) 
did not have BMI data. Compared to the whole population in 
the study, some of the participants exhibited high BMI readings 
where 29.1% (n = 122) were obese (covering obesity classes I, 
II, and III), and 11.7% (n = 49) were overweight. Those with 
normal BMI were very few (5.5%, n = 23) and there was even 
one participant (0.2%) who was underweight (Table 1).

Distribution of demographic characteristics by gender

According to Table 2, analysis through cross-tabulation 
showed that there were different characteristics regarding age 
and BMI among patients based on their gender. There was 
no significant difference in the distribution of age among the 
patients regardless of whether they were female or male (P = 
0.253). The majority of the participants (70.5% females and 
68.6% males) were aged 60 years or older. On the other hand, 
there was a significant difference in the distribution of the BMI 
among the patients irrespective of whether they were female 
or male (P = 0.040). More male patients than female patients 
were overweight (16.4% vs. 9.4%).

Baseline clinical, radiological, and biochemical character-
istics

The initial clinical presentation leading to imaging was identi-

fiable for 176 patients (42.1% of the total cohort). Among this 
subgroup with available data, the majority of adrenal mass-
es were incidentally found (94.3%, n = 166), while a small 
proportion presented with hyperfunctionality (3.4%, n = 6) 
or pressure symptoms (2.3%, n = 4) (Table 3). CT scanning 
emerged as the main technique used for the diagnosis (96.7%, 
n = 380); nevertheless, the use of an adrenal-specific CT proto-
col was applied only in 10.5% (n = 41) of cases. The majority 
of radiographic findings corresponded to solitary adrenal le-
sions (92.9%, n = 169); furthermore, most lesions were rela-
tively small, with a size between 1 and 2 cm (62.2%, n = 112). 
Large lesions larger than 4 cm were uncommon (4.4%, n = 8). 
In terms of radiological appearance, most lesions were char-
acterized by being rich in fat (96.7%, n = 175). In agreement 
with these radiological findings, low attenuation of the lesion 
was seen on unenhanced CT scans in 63.9% (n = 78) of cases, 
whereas absolute washout lower than 60% was identified in 
83.2% (n = 79). Because of the presence of distinctive imaging 
features, few invasive diagnostic tests had to be done, specifi-
cally biopsies, which were carried out in 6.3% (n = 9) of cases 
(Table 3).

The biochemical analysis indicated that most of the pa-
tients did not have a problem with hormonal hypersecretion. 
After administering a 1 mg DST, about 61.9% (n = 91) of the 
tested patients were found to have a suppressed value of cor-
tisol (< 50), but there was a considerable number who had ≥ 
50 levels of ACTH levels. ACTH levels were found relative-
ly evenly spread, with 36.2% (n = 34) showing ACTH < 10, 
27.7% (n = 26) showing an ACTH level of 10–20, and 36.2% 

Table 1.  Demographic Characteristics of the Subjects (Cat-
egorical)

Variable n %
Gender
    Male 140 33.5
    Female 278 66.5
Age groups
    < 20 4 2
    20–30 3 1.5
    31–40 9 4.5
    41–50 51 25.5
    +60 74 37
    Missing age data 218
BMI group
    < 18.5 1 0.5
    18.5–24.9 23 11.8
    25–29.9 49 25.1
    30–34.9 56 28.7
    35–39.9 47 24.1
    > 40 19 9.7
    Missing BMI data 223

BMI: body mass index.
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(n = 34) having ACTH > 20. Pheochromocytoma was rare, 
with only plasma metanephrines being less than 50 in 84.5% 
(n = 87) and urinary metanephrines < 2 in 95.2% (n = 59). 
Primary aldosteronism and androgen excess were also rare, as 
illustrated in Table 3.

Follow-up radiological characteristics

Table 4 displays the features of the radiological follow-up 
findings. The average time of radiological follow-up among 
this cohort was 2.19 ± 1.56 years. Throughout the period of 
radiological follow-up, CT was used in 96.0% (n = 97) of 
cases as the primary radiological modality, while only 4.0% 
(n = 4) used MRI for imaging. Similar to baseline examina-
tion, most follow-up examinations using CT did not use the 
specific adrenal protocol, which is applied in 92.8% (n = 90) 
of cases. From the radiological follow-up evaluation, the ad-
renal lesions were found to remain predominantly unilateral, 
comprising 92.2% (n = 59) of cases. In most cases, the adrenal 
adenoma size was 1–3 cm, with 50.0% (n = 38) of adenomas 
being 1–2 cm and 32.9% (n = 25) ranging from 2.1 to 3 cm. 
Lesions that exceeded 4 cm in diameter accounted for 2.6% (n 
= 2) of cases. Regarding tissue composition, 95.7% (n = 67) of 
the masses maintained imaging characteristics consistent with 
lipid-rich adenomas, nodules, or myelolipomas. Unenhanced 
CT attenuation evaluations revealed a relatively even split, 
with 54.5% (n = 18) of lesions presenting with densities ≥ 10 
HU and 45.5% (n = 15) measuring < 10 HU. Among the sub-
set of patients evaluated for contrast washout, 71.4% (n = 20) 
demonstrated an absolute washout of < 60%, while 28.6% (n = 
8) exhibited a washout of ≥ 60%.

Referral patterns and clinical management

Assessment of the use of clinical pathways indicated that 
nearly all of the patients diagnosed with AI had been treated 
without any consultation from an endocrinologist. As shown 
in Table 5, of the entire pool of patients (N = 418), only 9.3% 
(n = 39) had been referred to an endocrinologist, while the rest 
(90.7%) (n = 379) had not been referred. In terms of treatment 
options, information was available for 199 patients. Among 
those, management through a conservative approach dominat-
ed, accounting for 91.0% (n = 181). Surgery was considered 
for only a few patients (9.0%) (n = 18).

Discussion

Key observations from this 8-year retrospective study from a 
tertiary center have revealed important trends in the clinical, 
radiological, and biochemical profile of AI, along with a num-
ber of important lacunae in their standardized management. 
The patient population of 418 included in this study consisted 
mostly of elderly individuals, with the overwhelming majority 
above the age of 50 years, consistent with previous studies. In 
addition, a large number of the patients belonged to the female 
gender and had overweight or obese BMI with females hav-
ing significantly greater class III obesity compared to males. 
From the radiological aspect, a majority of the patients with 
AIs showed a predominance of small-size (1–2 cm), unilateral, 
and lipid-rich adrenal masses that remained constant during 
the follow-up of 2.19 years. Nevertheless, we found several 
deficiencies in the proper use of diagnostic guidelines for AI, 
as evidenced by almost 90% of the initial CT scans not fol-

Table 2.  Distribution of Demographic Characteristics by Gender

Variable Female n (%) Male n (%) P-value
Age categories (valid N = 200) 0.253
    < 20 1 (0.8%) 3 (4.0%)
    20–30 3 (2.4%) 0 (0.0%)
    31–40 6 (4.8%) 3 (4.0%)
    41–50 30 (24.0%) 21 (28.0%)
    51–60 42 (33.6%) 17 (22.7%)
    60+ 43 (34.4%) 31 (41.3%)
    Missing (N = 218) 153 65
BMI groups (valid N = 195) 0.040*
    Underweight (< 18.5) 0 (0.0%) 1 (1.5%)
    Normal (18.5–24.9) 12 (9.5%) 11 (16.2%)
    Overweight (25–29.9) 26 (20.6%) 23 (33.8%)
    Obesity I (30–34.9) 38 (30.2%) 18 (26.5%)
    Obesity II (35–39.9) 33 (26.2%) 14 (20.6%)
    Obesity III (> 40) 17 (13.5%) 2 (2.9%)
    Missing (N = 223) 152 71

*P < 0.05. BMI: body mass index.
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Table 3.  Baseline Clinical, Radiological, and Biochemical 
Characteristics of the Subjects

Variable n %
Presentation
    Incidental 166 94.3
    Pressure symptoms 4 2.3
    Hyper functionality 6 3.4
    Missing 242 57.9
Modality of diagnosis
    CT 380 96.7
    MRI 13 3.3
If CT
    With adrenal protocol 41 10.5
    Without adrenal protocol 351 89.5
Laterality
    Unilateral 169 92.9
    Bilateral 13 7.1
Maximum size of adenoma
    < 1 cm 16 8.9
    1–2 cm 112 62.2
    2.1–3 cm 31 17.2
    3.1–4 cm 13 7.2
    > 4 cm 8 4.4
Composition
    Nodule/myelolipoma/lipid rich adenoma 175 96.7
    Lipid poor adenoma 6 3.3
Hounsfield Units
    < 10 78 63.9
    ≥ 10 44 36.1
Washout
    ≥ 60% 16 16.8
    < 60% 79 83.2
Biopsy
    Done 9 6.3
    Not done 134 93.7
Cortisol (post 1 mg)
    < 50 91 61.9
    ≥ 50 56 38.1
ACTH
    < 10 34 36.2
    10–20 26 27.7
    > 20 34 36.2
Metanephrine (plasma)
    < 50 87 84.5

Variable n %
    > 50 16 15.5
Metanephrine (urine)
    < 2 59 95.2
    > 2 3 4.8
Renin/aldosterone ratio
    < 2 102 84.3
    ≥ 2 19 15.7
DHEAS
    < 20 46 93.9
    > 20 3 6.1

ACTH: adrenocorticotropic hormone; CT: computed tomography; DHE-
AS: dehydroepiandrosterone sulfate; MRI: magnetic resonance imaging.

Table 3.  Baseline Clinical, Radiological, and Biochemical 
Characteristics of the Subjects - (continued)

Table 4.  Follow-Up Radiological Characteristics of the Subjects

Variable n %
Mean follow-up, years (mean ± SD) 2.19 ± 1.56
Modality of diagnosis
    CT 97 96
    MRI 4 4
If CT done
    With adrenal protocol 7 7.2
    Without adrenal protocol 90 92.8
Laterality
    Unilateral 59 92.2
    Bilateral 5 7.8
Maximum size of adenoma
    < 1 cm 5 6.6
    1–2 cm 38 50
    2.1–3 cm 25 32.9
    3.1–4 cm 6 7.9
    > 4 cm 2 2.6
Composition
    Nodule/myelolipoma/lipid rich adenoma 67 95.7
    Lipid poor adenoma 3 4.3
Hounsfield Units
    < 10 15 45.5
    ≥ 10 18 54.5
Washout
    ≥ 60% 8 28.6
    < 60% 20 71.4

CT: computed tomography; MRI: magnetic resonance imaging; SD: 
standard deviation.
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lowing the adrenal protocol and merely 9.3% being referred 
to endocrinologists for further investigations. Notably, despite 
the exceptionally low referral rate, approximately 40% of the 
patients who underwent DST had MACS.

The female preponderance (66.5%) and elderly age group 
found in this study have excellent agreement with current glob-
al evidence. An increased incidence rate of AIs with increas-
ing age is known in literature and can be accounted for due to 
either genetic mutations related to aging in adrenal glands or 
increased cross-sectional imaging in elderly population [8]. It 
is interesting to mention that there were a considerable number 
of obese patients identified in our patient population; 30% of 
our cases had obesity based on the available information. The 
association between adrenocortical neoplasms and obesity is 
not only based on the increased possibility of performing im-
aging tests in obese patients. According to current scientific 
research, a bidirectional relationship exists between metabolic 
disorders and adrenal enlargement. Adenomas and AIs are 
linked to insulin resistance [9].

In terms of mechanistic pathways, insulin resistance will 
result in compensatory hyperinsulinemia, with mitogenic ef-
fects in the adrenal cortex through activation of the insulin-like 
growth factor system. Both insulin and insulin-like growth fac-
tor 1 (IGF-1) receptors are abundantly found in adrenal corti-
cal cells. Under conditions of obesity, IGF-1 is increased in 
terms of bioavailability because of changes in the production 
of IGF-binding proteins in the liver, and therefore, cell prolif-
eration while inhibiting apoptosis will occur within the adre-
nal gland [10]. Additionally, the presence of visceral fat will 
create a pro-inflammatory environment by having increased 
adipokines such as interleukin-6 and tumor necrosis factor-
alpha, causing stimulation of hyperplasia in the adrenal cortex. 
Hence, the prevalence of obesity within our study population 
might not just be a concomitant condition, but a key determi-
nant in AI pathology.

In spite of the noted morphological homogeneity of the tu-
mors found in our patients, the radiologic evaluation initially 
performed was suboptimal. According to ESE/ENSAT guide-
lines, the assessment of HU density using an unenhanced CT 
scan is the primary diagnostic approach for excluding malignan-
cy [11]. Yet, 89.5% of baseline and 92.8% of follow-up scans did 
not comply with an adrenal protocol, leading to a major loss of 
critical HU and washout values. This consistent failure at a ter-
tiary center likely stems from several operational factors. First, 
a knowledge gap may exist among non-endocrine ordering phy-
sicians who may classify AIs as “clinically insignificant” find-

ings rather than tumors requiring specific imaging phenotypes. 
Second, the electronic medical record (EMR) system (BestCare) 
currently lacks automated prompts or a dedicated “adrenal pro-
tocol” order set that triggers when an adrenal mass is identified 
by a radiologist. Finally, there may be a lack of standardized 
radiologist reporting where the discovery of a mass does not 
explicitly prompt a recommendation for a protocol-driven re-
evaluation. Without this structured approach, the risk of missing 
lipid-poor adenomas or potential malignant progression remains 
high, directly contributing to the low endocrinology referral rate 
(9.3%) and the systemic underdiagnosis of hormonal hyperse-
cretion observed in this cohort.

One of the most troubling findings related to the endocri-
nology referral rate is the lack of proper identification of MACS. 
Among patients who had undergone 1 mg overnight DST in our 
study population, an alarming 38.1% failed to suppress their 
cortisol below 50 nmol/L (1.8 µg/dL). MACS is no longer con-
sidered a harmless or “subclinical” entity but rather a disease 
characterized by chronic and low-level hypercortisolism [12]. 
Several recent studies involving a high number of participants 
clearly showed that MACS has a dramatically higher cardio-
metabolic risk profile, and people suffering from MACS have 
higher rates of resistant hypertension, type 2 diabetes mellitus, 
dyslipidemia, and osteoporotic bone fractures than patients with 
purely non-functioning tumors [13–15]. Thus, by not referring 
these patients to specialized endocrinologic teams, a consider-
able portion of our population may have been deprived of im-
portant treatments. Proper identification of MACS is crucial, al-
though not necessarily surgical removal of the tumor, which was 
conducted only in 9.0% of our sample group. Instead, MACS 
should serve as an indicator for the identification and medical 
treatment of silent cardiometabolic disorders.

Strengths and limitations

Some of the strengths of the study include the considerable 
sample size as well as the relatively long observational pe-
riod of 8 years that give an accurate picture of the real-life 
scenario concerning AI treatment and care at one of the most 
important centers in Saudi Arabia. Nevertheless, the study 
has some weaknesses as well. First and foremost, there was a 
considerable amount of missing data because of the nature of 
the retrospective study design. This was particularly evident 
regarding initial clinical presentation (missing in 57.9% of 
cases), BMI measurements, HU quantification, and biochemi-
cal tests, which limits the ability to generalize these specific 
clinical characteristics to the entire cohort. Secondly, being a 
tertiary center, the study might have been biased by referrals, 
but strangely enough, the number of internal referrals for en-
docrinology patients was rather small. Thirdly, the results do 
not have any longitudinal data to prove the relationship be-
tween MACS and mortality.

Conclusion and implications

Despite the predominance of small, benign, and stable adrenals 

Table 5.  Referral and Management of the Subjects

Variable n %
Referred to endocrine
    No 379 90.7
    Yes 39 9.3
Management
    Conservative 181 91
    Surgical 18 9
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among patients with AI in this study group, it was noted that 
the clinical approach involved severe insufficiency regarding 
protocol-based radiological imaging and biochemical workups. 
Considering the significant prevalence of obesity and possible 
autonomous cortisol secretion (MACS) among patients with AI, 
there is evidence of the systemic metabolic risks of having AIs. 
This information has practical applications in clinical practice. 
It is essential to develop multidisciplinary institutional protocols 
and pathways that automatically trigger endocrinology consulta-
tions with required imaging protocols in every patient with inci-
dentally found adrenal mass. This gap should be filled to ensure 
early identification of MACS and optimization of management 
of associated cardiometabolic disorders, as well as avoid unnec-
essary financial and mental burden due to radiological surveil-
lance of benign adrenal tumors.
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